Summary. The observation of atomic numbers Z that are 40% larger than that of Bi, the heaviest stable element, is an impressive extension of nuclear survival. Although the super heavy nuclei (SHN) are at the limits of Coulomb stability, shell stabilization lowers the ground-state energy, creates a fission barrier, and thereby enables the SHE to exist. The fundamentals of the modern theory concerning the mass limits of nuclear matter have been experimentally verified.
Introduction
A fundamental outcome of modern nuclear microscopic theory is the prediction of the "islands of stability" in the region of hypothetical superheavy elements. One important consequence of these calculations [1] [2] [3] [4] [5] [6] [7] [8] was the disclosure of a significant gap in the spectrum of low lying levels in the region of the deformed nuclei around N = 162, Z = 108 (deformed shells) and of the hypothetical superheavy nuclei, viz. of a new (following N = 126) closed spherical neutron shell N = 184 and proton shell Z = 114 in macro-microscopic (MMM)-model and Z = 120, 122, 126 in purely microscopic self-consistent approaches to the description of nuclear binding energies, such as the HartreeFock-Bogoliubov (HFB)-model and the Relativistic-MeanField (RMF) [9] [10] [11] [12] . And finally, at further and quite significant increase of the deformation arising in fission, the shell effects continued to play an important role in defining the potential energy and the nuclear inertial masses. Some uncertainties above mentioned in the quantitative estimations of the proton shell effects at N = 184 do not change the general conclusion of theory that in the large interval of masses from 250-320 an "islands of stability" may arise as shown on Fig. 1 . 1 The theoretical predictions for the new shells push far away the limits of nuclear masses and extend the region of existing heavy nuclei (and chemical elements) at least as far as Z ∼ 120 and even more.
*E-mail: oganessian@jinr.ru. 1 Here and further, in order not to over-complicate the text, we will use theoretical values calculated in macro-microscopic model, version of A. Sobiczewski et al. For further reference, please, see A. Sobiczewski review article in this issue.
Of main interest to us are the basic consequences of theory that concern the properties of the heaviest nuclei; in fact -from the point of view of their experimental verification, and this is the main purpose of the present paper. To be able to estimate the real feasibility of such experiments, first of all we should note that the new "magic nuclei" possess considerable neutron excess. For the products of heavy ion reactions the neutron excess will be notably smaller. This will, in turn, lead to a decrease of the shell effect and to loss of stability. The remarkable success in the past few years achieved in the synthesis of heavy nuclei in cold fusion reactions are related basically to isotopes in the vicinity of the N = 162 shell, mainly at N < 162 (see paper of S. Hofmann in this issue). The decay properties (α-decay energies and half lives, as well as spontaneous fission half-lives) of practically all synthesized nuclei up to the heaviest one ( 277 112) are well explained by model calculations reflecting the effect of the deformed shells Z = 108 and N = 162.
But in order to probe the effect of the next, spherical shells, which influence a much wider charge and mass region of heavier nuclei, it is necessary to synthesize nuclei with Z ≥ 112 and N ≥ 172. This is hard to achieve in cold fusion reactions. One of the key questions pertains to the production of new "magic" nuclei in heavy-ion induced reactions. The thrust beyond the well-studied cold fusion reactions, the hot fusion reactions with massive nuclei, needs a separate investigation. Comparative analysis of the experimental data obtained in cold and hot fusion reactions are discussed in Sect. 2.
From the calculated partial half-lives against different modes of decay we may get an impression of the scenarios and the decay properties of the heaviest nuclei depending on Z and N. It is seen that in the new regions, due to the considerable increase of nuclear stability relative to spontaneous fission the nuclei will undergo α-decay. The consecutive α-decays will follow until the shell effect weakens and spontaneous fission becomes the main decay mode. In the region of N < 162 this is observed for even-even isotopes. In the case of odd nuclei, due to the large hindrances to spontaneous fission α-decay may occur down to long-living nuclei without competition from spontaneous fission. In fact, this is observed also in the experiments [13] . For the heavier neutron-rich nuclei, the decay sequences of both even and odd isotopes will end by spontaneous fission. The total decay time will be then determined to a great extent by the neutron number of the parent nucleus. When approaching the N = 184 shell, we may expect a strong increase in the decay time.
The experimental setup for separation of the evaporation residues from a huge amount of by-products, its characteristics and operation mode are presented in Sect. 3.
Reactions of synthesis of superheavy nuclei
Since 1974 the cold fusion reactions 208 Pb, 209 Bi + massive projectile (A P ≥ 50) have been used in the synthesis of the heaviest elements with Z = 107-113 (see Fig. 2a ). In reactions of this type, with practically the same target mass ( 208 Pb or 209 Bi), the increase of the atomic and mass numbers of the evaporation products are entirely connected with the increase of the mass (charge) of the projectile. When the projectile becomes more and more heavy, the excitation energy of the compound nuclei decreases down to E x ≈ 15-10 MeV (cold fusion). The transition to the ground state takes place by the emission of only one neutron and γ -rays [14] . As a result, the survivability of the compound nucleus W sur (E x ) significantly increases, this being the main advantage of the cold fusion reactions. However, as can be seen from Fig. 2c , the production cross section of the evaporation products strongly decreases with the growth of Z CN . If Z CN changes from 102 to 113 the cross section decreases almost by a factor of 10 7 [15] . Obviously strong obstacles arise on the way of formation of the cold compound nucleus with rise of Coulomb repulsion in fusion of massive partners. The further advance into the region of Z > 113 seems to be problematic. Another peculiarity of this type of reactions is that fusion of the stable nuclei 208 Pb or 209 Bi with stable isotopes from 54 Cr to 70 Zn as projectiles lead to the production of evaporation residues with 10-15 mass units shifted from the β-stability line. This, in turn, leads to a considerable decrease in their half-lives.
To decrease the factors hindering fusion, it is desirable to make use of more asymmetric reactions, and to obtain an increase in the neutron number of the evaporation residues by using both target and projectile nuclei with maximum neutron excess. However, the choice of reactions meeting these conditions is rather poor. As target material, it is reasonable to use neutron-rich isotopes of the actinides (Act.), such as 244 Pu, 248 Cm and 249 Cf , produced in high-flux reactors and thus having largest neutron excess. Among the projectiles, the doubly magic nucleus 48 Ca has the undoubted advantage. The compound nucleus 292 114, produced, for example, in the fusion of 244 Pu and 48 Ca, acquires 8 additional neutrons compared to the mentioned case of the 208 Pb + 76 Ge reaction. These 8 neutrons, as will be shown below, play a key role in the production and study of the decay properties of superheavy nuclei.
Compared to the cold fusion 208 Pb + 76 Ge (Z P · Z T = 2624), the Coulomb repulsion in the reaction 244 Pu + 48 Ca (Z P · Z T = 1880) decreases by almost 40%, which, in turn should lead to the decrease of the factors hindering the formation of the compound nucleus. However compound nucleus formed in asymmetric reactions Act. + 48 Ca even at the Coulomb barrier will have an excitation energy [30] [31] [32] [33] [34] [35] MeV. This energy will be released by a cascade emission of neutrons (the evaporation of charged particles is significantly less probable) and γ -rays. At each step, neutron evaporation and fission compete strongly; the survival probability can be expressed simply as:
Where: B f and B n are the fission barrier height and the binding energy of the neutron, respectively (Fig. 2b) , T is the temperature of the compound nucleus and x is the number of emitted neutrons. The cross sections of nuclei with Z = 102-110, produced in the 4n-evaporation channel of the fusion reactions Act. + 22 Ne, 26 Mg and 36 S (5n), are presented in Fig. 2d [18] [19] [20] [21] [22] [23] [24] (the neutron number of the corresponding compound nuclei is shown on the horizontal axis). Since there is no significant hindrance for fusion in such mass-asymmetric reactions (Z P · Z T = 920-1500), the strong decrease in the cross section σ 4n is connected mainly with the survivability of the nu- clei. The relatively high production cross section of isotopes with Z ≤ 105 is a consequence of the high fission barrier, which is almost completely determined by the shell effect of the two closed neutron shells N = 152 and N = 162. At neutron numbers N CN > 162, as can be seen from Fig. 2b , the fission probability significantly increases with the decrease of B f . This reduces the cross section of Ds (Z CN = 110) relative to Db (Z CN = 105) by almost 4 orders of magnitude. However, if the predictions of the theoretical models (see above) about the existence of the next closed shell N = 184 is justified, the fission barrier height will again increase when advancing to the region where N CN ≥ 174 and Z CN ≥ 112. In turn, the nuclear survivability will increase too and as a result, one can expect even a rise in the cross section σ EVR for heavy nuclei with large neutron excess. Moreover such a correlation between the calculated B f (Z, N) values and the experimental cross sections σ xn (Z, N) gives direct evidence of the existence and the strong effect of a neutron shell located at N ≥ 180.
Setting the experiments
The Gas-Filled Recoil Separator (DGFRS) used in the experiments with 48 Ca-projectiles is schematically presented in Fig. 3 . The typical beam intensity of 48 Ca ions at the target was 1.0-1.2 p μA. In the experiments, targets of actinide oxides of the highly enriched neutron-rich isotopes of U-Cf were used. The principle of operation of such experimental setups is well known [25] [26] [27] [28] [29] [30] [31] [32] [33] .
The reaction products come into the region of an external magnetic field that separates them by their magnetic rigidity. The magnetic dipole field region is filled with a dilutehydrogen gas at the pressure about 1 Torr. The evaporation residues (EVRs) of fusion reactions have the largest possible mass, lowest mean ionic charge (q) and trajectories of highest radius of curvature. Accordingly, the other reaction products -target-like or projectile-like ions -will be separated from the EVRs following the trajectories with lower curvature radii. To illustrate: the DGFRS has a dispersion of 7.5 mm per 1% of Bρ, while the ratios of rigidities of the EVRs, scattered target-like, and primary beam ions, for systems such as 48 Ca + 244 Pu is 1.0/0.89/0.29 [30] . The separator focal plane located 4 m downstream; the heavy nuclei with energy of 30-40 MeV fly over this distance for ∼ 1 μs. The calculated transmission efficiency of the separator for Z = 112-118 nuclei is about 35-40% [30] , whereas full-energy 48 Ca projectiles, projectile-like ions, and targetlike nuclei are suppressed by factors ∼ 10 17 , 6 × 10 14 , and 10 4 -10 6 , respectively. EVRs passing through the separator were implanted in a 4 × 12-cm 2 semiconductor detector with 12 vertical position-sensitive strips. To detect escaping α's, the front detector was surrounded by eight 4 × 4-cm 2 side detectors (without position sensitivity), forming a box open to the front (beam) side (see Fig. 3 ). In this geometry, the positionaveraged detection efficiency for full energy α-particles of implanted nuclei increases to 87% of 4π.
Before implantation into the front detector, the separated EVRs pass through a time-of-flight (TOF) measurement system. The TOF signals shows that a nuclei came from separator as opposed to signals, arousing from α-decay or from spontaneous fission of the implanted nuclei (without a TOF signal).
The typical full-width-at-half-maximum (FWHM) energy resolution for α-particles, implanted in the focal-plane detector, was 50-80 keV, depending on the strip and the position on the strip. The α-particles that escaped the focalplane detector at different angles and registered in a side detector had an energy resolution of the summed signals (side detector plus residual focal-plane detector) of 140-200 keV. If the energy deposited by an α-particle as it recoiled out of the focal-plane detector was lower than the detection threshold of 1.2 MeV (thus its position was lost) and was detected only by a side detector, its total energy was estimated as the sum of the energy measured by the side detector and half of the threshold energy (≈ 0.6 MeV), thus the uncertainty in determining the total energy was increased to ±0.6 MeV. The assignment of such α-particles to the observed decay chains was made using the calculated probability of random correlations based on the decay rate in the side detectors associated with actual experimental conditions.
The FWHM position resolution from the signals of correlated decays of nuclei implanted in the detectors was 0.9-1.9 mm for EVR-α signals and 0.5-0.9 mm for EVR-SF signals. If an α-particle was detected by both the focalplane (ΔE α1 ) and a side detector (ΔE α2 ), i.e. E α = ΔE α1 + ΔE α2 , the position resolution depended on the amplitude ΔE α1 (see, e.g., Fig. 4 in [34] ), but was generally inferior to that obtained for the full-energy signal.
Fission fragments from the decay of 252 No implants, produced in the 206 Pb + 48 Ca reaction, were used for the mean total kinetic energy (TKE) calibration. The measured fragment energies (E tot = E F1 + E F2 ) were not corrected for the pulse-height defect of the detectors, the energy loss in the detectors' entrance windows or dead layers, or for the energy loss of the escaping fragment (E F2 ) in the pentane gas, filling the detection system (at a pressure of about 1.7 Torr). The mean total energy loss of the fission fragments due to these factors was about 20 MeV. The TKE of nuclei with Z > 102 was determined as the sum E tot + 20 MeV. The systematic uncertainty in estimating the TKE value was about 5-7 MeV when both fission fragments were detected.
From model calculations and the available experimental data, one can estimate the expected α-particle energies of the evaporation products and their descendant nuclei that could be produced in a specific reaction of synthesis. For α-particles, emitted by the parent or daughter nuclei, it is possible to choose wide enough energy and time gates and employ a special low-background detection scheme [34] [35] [36] . During the irradiation of the target, the beam was switched off after a recoil signal was detected with parameters of implantation energy and TOF expected for evaporation residues, followed by an α-like signal with an energy in the interval δE α1 in the same strip within a 1.4-1.9-mm wide position window and a time interval δt α1 . If the first α-particle was not detected (the probability being about 13%), then the switching off the beam was done when a second α-particle in the corresponding δE α2 and δt α2 intervals was detected.
This operating mode of DGFRS can be illustrated by detection of decay chains of the odd-even isotopes of element 117, produced in the 249 Bk( 48 Ca, 4n) 293 117 reaction [37] . The beam was switched off for at least 3 min after a recoil signal was detected with parameters of implantation energy expected for Z = 117 ERs, followed by an α-like signal with an energy between 10.7 MeV and 11.4 MeV, in the same strip, within a 2.2-mm-wide position window.
Irradiation at this beam energy 252-MeV was performed for 70 d with a total beam dose of 2.4 × 10 19 . The beam was interrupted for a total beam-off time of 79 h. The energy spectra of the α-like signals registered by the front detector during all 1680 h of the irradiation and those registered only in the beam-off intervals are presented in Fig. 4a .
The background in the beam-off spectrum is due to the decay of Po isotopes that are daughters of the heavier nuclei produced in incomplete fusion reactions. The energy spectra of the fission-like signals in the beam-off intervals are presented in Fig. 4b . Five position-correlated decay chains have observed in this experiment (Fig. 4c) . All five of the first α-particles emitted after the implantation of the recoils have the same energies (within the energy resolution of the focal plane detector), yielding average values for the α-energy E α1 = 11.03 ± 0.08 MeV and T α1 = 14(+11, −4) ms. The energies of the α-particles emitted by the 3 daughter nuclei and detected in three out of five chains were the same within the accuracy of the measurements, resulting in E α2 = 10.31 ± 0.09 MeV and T α2 = 0.22(+0.26, −0.08) s. The third α-transition was 
Experimental results
For synthesis of superheavy nuclei at DGFRS, the fusion reactions of 48 Ca with target nuclei, the isotopes of Ra, U, Np, Pu, Am, Cm, Bk and Cf (11 isotopes of 8 elements), were used. All 95 decay chains of the nuclei with atomic number 112-118 synthesized in these experiments represents individual peculiarities of the decay modes of the superheavy nuclei (Fig. 5) . The decay properties of the 47 new nuclides, produced in experiments with 48 Ca projectiles, all of them being evaporation products and their daughter nuclei in the region of Z = 104 ÷ 118 and A = 266 ÷ 294 [34, [37] [38] [39] [40] are given in Table 1. 2 Here the total number of events, corresponding to the decay of nuclides of given Z and A is shown, independent of how they were produced: as evaporation residues or as daughter nuclei after the α-decay/s of heavier precursors. The modes of decay, shown in the fourth column of Table 1 , mean that all observed events are identical for the given decay mode. In those cases, where two decay modes (α, SF) were observed, an approximate branching ratio, governed by the statistical error of registered events, has been estimated. The values of T α expected for the measured Q α (exp) are presented in the sixth column. And finally 2 In Table 1 and on Fig. 5 , preliminary data (yet to be published) doubly magic nucleus 270 Hs decay properties are shown. This isotope was produced in 4n-evaporation channel of the reaction 226 Ra + 48 Ca at an excitation energy of the compound nucleus E x = 40 MeV with a cross section of about 8 pb. . Independently, the charge and mass of the nuclides were determined by the excitation functions of the evaporation reaction channels. With this purpose, for all the studied reactions, the production cross sections of a given evaporation product were measured as a function of the energy of the bombarding ion (the excitation energies of the compound nucleus), varying the target isotope (or the mass of the compound nucleus). Further verification of the identification of the mass number of the isotopes follows from the decay properties. Because of the high suppression of spontaneous fission of nuclei with odd neutron numbers, their decay chains are longer and the total decay time is noticeably higher than in the neighboring even-N isotopes. This tendency is well seen for all known isotopes with Z ≤ 112, it takes place also for the synthesized new nuclides with Z = 112-116 (Fig. 5) .
All the above-mentioned data give a consistent picture of the charges and masses of the nuclei, obtained in the experiments of 48 Ca-induced reactions. The production cross section, the identification, as well as the decay properties of the Z = 112, 114 and now 116 were recently confirmed in several independent experiments [20] [21] [22] . Now we shall discuss the decay properties of the synthesized nuclei.
Decay properties of superheavy nuclei

Alpha-decay
As can be seen from Table 1 , the odd isotopes of element 112 and all isotopes (even and odd) with Z ≥ 113 predominantly undergo α-decay. The spectra of the α-particles in most cases are characterized by well defined decay energy. This is generally the situation for allowed ground-to-ground state transitions at J = 0 in the α-decay of even-even nuclei. As known, in this case the probability for the decay (or the half-life T α ) is directly connected to the decay energy Q α and the atomic number of the nucleus. The Geiger-Nuttall relation [43] , connecting these quantities (in the version of Viola-Seaborg [44] or any other version [45] [46] [47] [48] [49] ), describes well all 65 known even-even nuclei heavier than Pb, for which both partial half-life and decay energies have been measured. The experimental values obtained earlier in hot and cold fusion reactions and belonging to the α-decay of even-even nuclei with 100 ≤ Z ≤ 110, are shown in Fig. 6 . The data for all isotopes with even proton numbers from Z = 106 to 118, produced in 48 Ca-induced reactions, are presented in the same figure.
The half-lives T α (exp) at measured decay energies Q α (exp) of the new nuclides, as seen from Fig. 6 , agree well with the calculated values for a given Z. Quantitatively this is seen in the comparison of the data, presented in the fifth and sixth columns of Table 1 and can be explained by the ground-to-ground-state transitions.
The experimental values Q α (exp) and T α (exp) with their errors, given in Table 1 , can be used for the calculation of the atomic numbers of nuclei comprising the chains of correlated decays. For instance, the probability that the consecutive α-transitions observed in the 245 Cm, 248 Cm + 48 Ca reactions take place in the nuclei with atomic numbers 116 → 114 → 112 → 110 amounts to 0.992. The probability that these chains for some reason can be attributed to the decay of the parent nucleus with Z = 114 is ≤ 0.005.
A comparison of the α-decay energies of nuclides with mass 264 ≤ A ≤ 297 and atomic number 106 ≤ Z ≤ 118, synthesized in the cold fusion reactions 208 Pb, 209 Bi + 58 Fe, 64 Ni, 70 Zn and in the Act. + 48 Ca reactions, are given in Fig. 7 . A difference of decay energy Q α between experiment and theory is present.
The values ΔQ α = Q α (exp) − Q α (th) are given for the calculation performed in the macro-microscopic model of Ref. [41, 50] . It can be seen that for all even-Z nuclei with Z = 106-118 and A = 271-294, and for nuclei with even as well as with odd number of neutrons, the quantity ΔQ α does not exceed 0.5 MeV; for odd-Z nuclei: ΔQ α ≤ 1.0 MeV. In both cases, we can assume that there is quite good agreement of theory with experiment, moreover if we keep in mind that the calculation has been performed before obtaining the experimental data. The comparison of Q α (exp) with the values Q α (th), calculated within the SkyrmeHartree-Fock-Bogoliubov (HFB) and the Relativistic Mean Field models (RMF), was carried out, too (see [38] ). In the HFB model a better agreement is obtained with masses from [51] calculated with 18 parameters. Finally, in the RMF model the agreement between theory and experiment is the least satisfactory. But it cannot be excluded that a better agreement can be achieved in this model also, if a different set of parameters is used. As a whole, the measured values of Q α (exp) are in agreement with theory within 0.6 MeV.
Spontaneous fission
For 11 out of the 47 synthesized nuclei spontaneous fission is the predominant mode of decay (see Table 1 ). In two more nuclei, 271 Sg and 286 114, spontaneous fission competes with α-decay. For the remaining nuclides spontaneous fission was not observed. The partial SF half-lives of nuclei with N ≥ 163, produced in fusion reactions with 48 Ca, together with the half-lives of SF-nuclides with N ≤ 160, are shown in 3 . Given such a large hindrance factor, it cannot be excluded that one or two decay events of the 283 112 nucleus, registered as R-SF chains, can be attributed to the spontaneous fission of the even-odd isotope 283 112. It is significant that the rise of stability relative to spontaneous fission is observed for the heavy nuclei with Z ≥ 110 (Fig. 8) which are 10-12 neutrons further from the closed neutron shell N = 184. On moving to the nuclei with Z < 110 and N < 170 (in the experiments, spontaneous fission was observed for the 7 Rf), the probability for spontaneous fission decreases again when the closed deformed shell N = 162 is approached. The stabilizing effect of the N = 162 shell manifests itself in the properties of the even-even isotopes of Rf, Sg and Hs with N ≤ 160, which, as seen from Fig. 8 , are also well described by the mentioned model calculations. The odd SF-isotopes with Z = 104-110, produced in the 48 Ca-induced reactions, are located in the transition region, where the larger the neutron number, the smaller the effect of the N = 162 shell. In this region, the N = 184 shell comes into effect. Such a behavior of T SF (exp) as a function of Z and N correlates with the SHE fission barrier heights and has been predicted by all models, MM [41, 52] , HFB [53] and RMF [54, 55] .
For the odd-Z nuclei produced in the reactions 237 Np + 48 Ca and 243 Am + 48 Ca a different decay pattern is observed. Because of the high hindrance of spontaneous fission for the nuclei with odd number of protons (and neutrons) and relatively low T α the isotopes of elements 113 and 115 with N = 169-173 undergo α decay [19, 20] . In the products of the sequential α decay of these nuclides the T SF values increase upon approaching to the shell N = 162. In the nuclei with Z ≥ 107, T α < T SF ; they are α emitters. Spontaneous fission is observed only in the isotopes of element 105 whose α-decay half-life reaches T α ≥ 10 5 s for 268 Db. In the reaction 249 Bk + 48 Ca the daughter nuclei that originate from the evaporation residues 293 117 and 294 117 have one or two extra neutrons. Therefore, approaching to the shell N = 184 should result in decrease in their decay energy Q α and increase in T α with respect to the neighboring lighter isotopes. This regularity is clearly observed experimentally for all the isotopes with Z ≥ 111 (see Table 1 ). In analogy with the neighboring even-Z isotopes all the nuclei in the decay chains of 293 117 and 294 117 with Z > 111 and N ≥ 172 will undergo α decay. For these isotopes T α < T SF . The nucleus 281 Rg (N = 170) belonging to the "critical" region might avoid spontaneous fission due to the hindrance resulting from an odd proton. The hindrance of the spontaneous fission in 281 Rg with respect to its even-even neighbor 282 Cn [5] is ∼ 3 × 10 4 . Despite this, the isotope 281 Rg undergoes spontaneous fission with a probability b SF ≥ 83%. Accordingly, even the high hindrance governed by oddness does not "save" the odd nucleus from spontaneous fission which is caused by the weakening of the stabilizing effect of the neutron shells at N = 162 and N = 184.
Along with this, an extra neutron and the double effect of oddness in the neighboring isotope 282 Rg favor the α decay of this nucleus. Now it is also clear that going further into the region with N < 170, due to lowering of T α with increase of neutron deficit and increase of T SF upon approaching to the shell N = 162, the lighter isotopes of element Rg will mainly undergo α decay. Fig. 9 shows partial β + /EC-decay half-lives vs. decay energy for known odd-odd isotopes of Np-Db. Experimental half-lives together with predicted β + /EC-decay energies for the isotopes 266, 268, 270 Db are in agreement with T β vs. Q β systematic for Np-Db isotopes [56] . This can indicate that the heaviest odd-odd isotopes of Db could undergo EC decay leading to spontaneous fission of even-even Rf isotopes for which T SF = 23 s, 1.4 s, and 20 ms are predicted [57] . Values for 267 Db as well as 281 Rg are somewhat lower than the bulk of data for lighter isotopes. This could indicate a larger probability to undergo spontaneous fission than β/EC decay leading to 1-h 267 Rf and 11-s 281 Ds [5] . However, large uncertainties in half-life and/or expected β/EC-decay energy for these isotopes prevent us from definite conclusions. We are intending to search for X-rays of Rf nuclei prior to its spontaneous fission in case of EC of odd-odd Db isotopes with mass numbers 266 and 270.
Half-lives of the heaviest nuclei
In Fig. 6 the half-lives of the isotopes of elements 110-118 are shown.
It can be seen that the stability of the heavy nuclides in the region N ≥ 165 rises considerably with the increase of N; the increase of the neutron number in the isotopes of elements 110-113 by ΔN = 8 leads to half-lives greater by about 4-5 orders of magnitude. The rise in nuclear stability is observed also for the nuclides with Z = 114 and 116, in an interval ΔN = 4. In the macroscopic models, such as the classical liquid drop model (or its modifications), trans-actinide nuclei in the absence of a fission barrier will undergo fission within some 10 −19 s. The experimental halflives, as it follows from Fig. 6 , are about 17-19 orders of magnitude longer than expected from this model. Apparently, such a sharp distinction offers evidence of the strong influence of the shell structure of superheavy nuclei on their decay properties. While the relatively high stability in the region of the neutron-deficient deformed nuclei Z = 110-112 and N = 160-165 can be explained as due to the N = 162 shell, the further rise in the region of N ≥ 165 definitely comes from the effect of another shell, situated at N > 177. According to the predictions of all microscopic models, this spherical shell is at N = 184 and comes after the lead shell at N = 126. We should note the strong effect of the N = 184 shell; it manifests itself even in nuclei that are at a distance of 12-14 neutrons (see Fig. 8 ).
Conclusion
With Z > 40% larger than that of Bi, the heaviest stable element, that is an impressive extension in nuclear survival. Although the SHN are at the limits of Coulomb stability, shell stabilization lowers: the ground-state energy, creates a fission barrier, and thereby enables the SHN to exist.
Decay properties of the nuclei obtained in Act. + 48 Ca reactions show that the basic concept on the existence of closed shells in the region of the hypothetical very heavy (superheavy) elements and their decisive role in the stability of heaviest nuclei have conformed.
Eo ipso the fundamental prediction of the modern nuclear theory concerning the mass limits of nuclear matter have been experimentally verified.
Consequences and prospects
Relative to the 30-year old history of investigations on heavy nuclei in cold fusion reactions that have led to the discovery of 6 new elements, the results obtained in Act. + 48 Ca reactions are the next step in the synthesis and studies of the properties of new, heavier elements. The neutron-rich and rather long-lived nuclides, produced with cross sections of few picobarns in Act. + 48 Ca reactions, are unique objects whose nuclear structure, decay modes, spontaneous fission, atomic and chemical properties have to be studied. All fields of investigations can advance, if a way to increase the production rate of nuclei is found. This task is connected with the improvement of the experimental techniques and the search for new possibilities to produce and study the sought-for nuclei.
When the situation is considered from the point of view of the present state of art, we should note that it is technically possible to increase the intensity of the 48 Ca beam up to 5-10 p μA, a factor of 5-10 greater than the present value. Perhaps, this also is not the limit of modern accelerators. The targets used at DGFRS, with some modifications, are capable of accepting such beam intensities.
Another issue is the separation of the looked-for nuclei from all other reaction products. As can be seen from Table 1 , the half-lives of odd-N isotopes of elements 111-114 are of the order of 0.5 s ≤ T 1/2 ≤ 30 s. Therefore, super-fast "in-flight" methods of separation are not necessary for them as was the case with short-lived EVRs of cold fusion reactions. For the separation of the nuclei with Z = 110-114 (see the half lives of the heavy isotopes of this elements in Table 1) , not as fast, but more efficient "online" mass separation can be used. In this way, it could become possible to increase the yield of the new nuclei by using targets up to 1.0-1.5 mg/cm 2 thick (instead of the 0.35 mg/cm 2 used now at DGFRS) and to improve the transmission of the separator. In the "on-line" mode of operation it will let us obtain evaporation residues with adjacent masses, and will let perform simultaneous separation of parent and daughter (granddaughter) nuclei with the measurement of their mass with resolution better than 0.1 a.m.u. The separation of the isotopes with T 1/2 ≥ 1 s may also be carried out by means of express chemical methods.
In consideration of the decay properties of super heavy nuclei we like draw attention on the spontaneous fission of the neutron-rich and relatively long-living even-odd isotopes 267 Rf (T SF ≈ 1. Fig. 10b in [38] ).
The increase of the production rate of super-heavy nuclei will allow for their spectroscopic studies. The results of these can be directly compared to the predictions of nuclear structure proposed by various theoretical models. As it seems to us, this is the closest perspective.
In more distant future, winder area of investigation of super-heavy elements most likely will be connected with:
-Spectroscopy of super-heavy nuclei, -Study of electronic structure of super-heavy atoms, -Study of chemical properties of new elements, -Search for super-heavy nuclides in nature and cosmic rays; -Theoretical studies of fundamental processes of the formation of atomic nuclei, their properties, and decay modes under conditions of strong Coulomb fields and high nuclear density, and many other areas, which may appear suddenly and cannot be predicted today. The experiments were carried out at the Flerov Laboratory of Nuclear Reactions (JINR, Dubna) in collaboration with the Lawrence Livermore National Laboratory (LLNL, Livermore), the Oak Ridge National Laboratory (ORNL, Oak-Ridge), the Vanderbilt University (VU, Nashville) and 
